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The photoluminescence of homoepitaxial and heteroepitaxial GaN lay-
ers is reported. It is shown that the coupling between LO phonons and neu-
tral acceptor bound excitons is much stronger than the coupling between LO
phonons and neutral donor bound excitons. In undoped homoepitaxial layer,
in spite of that the no-phonon emission due to donor bound excitons is one
order of magnitude stronger than the acceptor bound excitons emission, the
predominant structure in the LO phonon replica of the excitonic spectrum
is related to optical transitions involving acceptor bound excitons. Temper-
ature studies showed that at higher temperature the LO phonon replica is
related to free excitons.

PACS numbers: 78.55.Cr, 63.20.Mt, 71.55.Eq

Recent advance in homoepitaxial growth of GaN layers by metalorganic
chemical vapour deposition (MOCVD) has demonstrated that high quality sin-
gle crystal fllms can be grown on single crystal GaN substrates [1]. The quality
of obtained layers gives the opportunity to obtain more detailed knowledge about
optical properties of GaN. In this paper we report on the observation of the LO
phonon side-bands of the excitonic spectrum in homoepitaxial and heteroepitaxial
MOCVD GaN layers.

The homoepitaxial wurtzite GaN were grown on single crystal GaN plates.
The growth procedure of a high quality homoepitaxial GaN layers was described
previously [1]. The heteroepitaxial GaN layers were grown on sapphire substrates
in the same MOCVD system. The thickness of homoepitaxial and heteroepitaxial
layers were of the order of 1 μm. The photoluminescence (PL)wasexcited by the
325 nm line of a He-Cd laser. Typically an incident power of 1 mW was used.
The emission spectra were recorded with a spectral resolution of 0.05 meV using
SPEX 500M monochromator equipped with a photomultiplier. The calibration
of the monochromator scale was performed on the basis of Cd atomic spectra
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visible in laser radiation. In wavelength to energy conversion the refractive index
of air n = 1.00028 was used [2]. Measurements were performed at broad range of
temperature using helium cryostat.

Low temperature photoluminescence spectra of undoped n-type homoepi-
taxial and heteroepitaxial GaN layers are shown in Fig. 1. The homoepitaxial
layer spectrum in the exciton region is dominated by emission connected with
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donor bound excitons (DBE) and acceptor bound excitons (ABE) which have
been analysed before [1, 3]. The LO phonon replica of the exciton region is also
shown in Fig. 1. In spite of that the emission due to DBE is by one order of
magnitude stronger than ABE emission, the predominant stucture observed in
the LO phonon side-band of the excitonic spectum is related to the optical tran-
sitions in which ABEs are involved. Also the characteristic shape of the ABE is
reproduced in the phonon replica. The intensity ratio of LO phonon to no-phonon
ABE and DBE are substantially different; they are 1 x 10-2 and 6 x 10 -4 respec-
tively. The result that the LO phonons are so strongly coupled to ABE can be
understood as the manifestation of the neutral acceptor-LO phonon bound state
formation [4]. Such state can be formed in GaN because the ionization energy of
shallow acceptor being close to 235 meV [5] is much 1arger than the LO phonon
energy (close to 92 meV). On the other hand, in the case of DBE the bound state
with LO phonon wil1 be much less probable because the energy of the LO phonon
is larger than the donor binding energy estimated at 35 meV [6]. Thus a neutral
donor-LO phonon bound state would be degenerate with the free electron contin-
uum and will spontaneously decay by ionization of the donor [7]. Consequently,
the LO phonon replica related to DBE should have much lower intensity than the
LO replica of ABE, which is found experimentally.

The large intensity difference between LO phonon replicas related to DBE
and ABE may lead to misinterpretation of the observed PL side-bands when the
particular excitonic lines are not resolved. Such situation is shown in Fig. 1, where
spectra. for homoepitaxial and heteroepitaxial layers are compared. In the het-
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eroepitaxial layer the excitonic spectra are not resolved but the LO phonon replica
is clearly seen. The comparison with the homoepitaxial spectrum allows to under-
stand that LO phonons are only selectively coupled to the part of no-phonon
spectum which is related to ABE (shaded region shown in Fig. 1). Without such
comparison one would be tempted to relate the observed side-band in terms of a
new optical transition. The temperature changes of the LO phonon side-band are
shown in Fig. 2. It is seen that the increase in temperature leads to the disap-
pearing of flrst ABE and later DBE phonon replicas. This is in agreement with
the temperature behaviour of the main exciton band. However, it is also seen that
the increase in temperature leads to increase in emission at 3.39 eV. To identify
this "hot" luminescence line we shifted the phonon  side-band by the LO phonon
energy (91.8 meV) to compare it with the main excitonic band. This is shown
in Fig. 3. It is seen that the "hot" line corresponds with free excitons emission.
Simple inspection of the spectra suggests that this line corresponds to the phonon
replica of the Β free exciton line. however, one should take into account that the
shape of the phonon replica depends on temperature [8]. The analysis done along
lines of the Permogorov paper shows that the phonon replica may be connected
with free exciton A as well.
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